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A DUAL COMPUTED TOMOGRAPHY LINEAR ACCELERATOR UNIT FOR 
STEREOTACTIC RADIATION THERAPY: A NEW APPROACH WITHOUT 
CRANIALLY FIXATED STEREOTACTIC FRAMES 
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Purpose: To perform stereotactic radiation therapy (SRT) without cranially fixated stereotactic frames, 
we developed a dual computed tomography (CT) linear accelerator (linac) treatment unit. 
Methods and Materials : This unit is composed of a linac, CT, and motorized table. The linac and CT are 
set up at opposite ends of the table, which is suitable for both machines. The gantry axis of the linac is 
coaxial with that of the CT scanner. Thus, the center of the target detected with the CT can be matched 
easily with the gantry axis of the linac by rotating the table. Positioning is confirmed with the CT for each 
treatment session. Positioning and treatment errors with this unit were examined by phantom studies. 
Between August and December 1994, 8 patients with 11 lesions of primary or metastatic brain tumors 
received SRT with this unit. All lesions were treated with 24 Gy in three fractions to 30 Gy in 10 fractions 
to the 80% isodose line, with or without conventional external beam radiation therapy. 
Results : Phantom studies revealed that treatment errors with this unit were within 1 mm after careful 
positioning. The position was easily maintained using two tiny metallic balls as vertical and horizontal 
marks. Motion of patients was negligible using a conventional heat-flexible head mold and dental impression. 
The overall time for a multiple noncoplanar arcs treatment for a single isocenter was less than 1 h on the 
initial tretment day and usually less than 20 min on subsequent days. Treatment was outpatient-based and 
well tolerated with no acute toxicities. Satisfactory responses have been documented. 

Conclusion : Using this treatment unit, multiple fractionated SRT is performed easily and precisely without 
cranially fixated stereotactic frames. 
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INTRODUCTION 

Stereotactic radiation therapy (SRT) or stereotactic radio- 
surgery (SRS) is usually performed with a cranially fix- 
ated stereotactic frame to make each treatment highly 
precise (6, 7, 11). However, the use of such frames is 
usually uncomfortable for patients and. sometimes may 
be troublesome, especially when multiple-fractionated 
treatment is planned. Recently, noninvasive relocatable 
frames have been developed (4, 5), although positioning 
errors may be slightly larger than those with invasive 
frames (4) . To perform SRT or SRS easily and precisely 
without a cranially fixated stereotactic frame, we devel- 
oped a dual computed tomography (CT) linear accelera- 
tor (linac) treatment unit. 



METHODS AND MATERIALS 

This unit is composed of a linac, 1 CT, 2 and motorized 
table. 3 The linac and CT are set up at opposite ends of 
the table, which is suitable for both machines (Fig. 1). 
The gantry axis of the linac is coaxial with that of the 
CT scanner. The center of the target volume, which is 
detected and planned by the CT, can be matched easily 
with the gantry axis of the linac, simply by rotating 
the table around the C2 axis (Fig. 1). To make several 
noncoplanar planes, the table is rotated around the CI 
axis (Fig. 1). 

Positioning and treatment errors with this unit were 
examined by phantom studies (Figs. 2-4). A metallic 
target (5 mm in diameter) was put in the phantom and 
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Fig. 1. Diagram of the dual CT-linac treatment unit. The table has two rotation axes; CI is for isocentric rotation 
to make noncoplanar arcs and C2 is for rotation between CT and linac. The gantry axis of the linac is coaxial 
with that of the CT scanner. 



was roughly checked by CT scanner with slice thickness 
of 5 mm and slice interval of 5 mm. After roughly de- 
tecting the target, the final verification of the center of 
the target volume was performed with slice thickness of 
2 mm and slice interval of 1 mm, and the center was 
decided. To verify and maintain the center, two tiny me- 
tallic balls (0.4 mm in diameter) were attached to the 
phantom as the vertical and horizontal marks, using the 
laser pointer indicating the gantry axis of the CT. Then, 



the same slice was scanned (Fig. 2). In general, detecting 
0.4 mm materials clearly on the CT image with slice 
thickness of 2 mm needs a quite precise setup. Thus, to 
verify the accuracy of our positioning technique, 1 and 2 
mm cranial and 1 and 2 mm caudal CT slices from the 
center slice were checked (Fig. 3). The differences in 
imaging the tiny metallic balls on the each slice were 
presented. Following the positioning and targeting as in 
Fig. 2, the table was rotated around the C2 axis, to match 




Fig. 2. The final positioning in the phantom examination. 
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Fig. 3. The phantom examinations, (a) 2 mm cranial from the center; (b) 1 mm cranial from the center; (c) the 
center of the target; (d) 1 mm caudal from the center; and (e) 2 mm caudal from the center. Two tiny metallic 
balls are clearly seen in (c), smaller in (b) and (d), and not seen in (a) and (e). 



the center of the target volume with the gantry axis of 
the linac, and portal films were performed with collimated 
beam irradiation using a circular aperture (Fig. 4). 

Between August and December 1994, 8 patients with 
11 lesions of primary or metastatic brain tumors were 
treated with this unit. All patients received fractionated 



SRT with 24 Gy per 3 fractions to 30 Gy per 10 fractions 
to the 80% isodose line, usually using six noncoplanar 
arcs, with or without conventional external beam radiation 
therapy. On the initial treatment day of SRT, (a) a conven- 
tional heat- flexible head mold and dental impression (13) 
were made for immobilization of individual patients on the 
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Fig. 4. Portal films in three typical directions following the positioning in Fig. 2. The errors are very small after 
the rotation of the table and the gantry rotation of the linac. 



table; (b) the patient with the mold was examined by CT; 
(c) the center of the target detected by the CT was posi- 
tioned at the gantry axis of the CT; (d) two tiny metallic 
balls were attached to the mold as the vertical and hori- 
zontal marks (Fig. 5); (e) the table was rotated, to match 
the center of target with the gantry axis of the linac; and 
(f ) treatment was performed usually with, one or two of 
the six planned noncoplanar arcs. On subsequent days, (a) 
the patient with mold was set up on the table using two 
tiny metallic balls; (b) a scan was performed to confirm 
that the position of the center of the target was at the gantry 
axis of the CT; and (c) if the position was acceptable, 
the treatment was performed; or if the position was not 
acceptable, it was repositioned by CT and the tiny metallic 
balls were also repositioned, and treatment was performed. 
Position was thereby confirmed with CT for every treat- 
ment session, and for contrast enhancing lesions, iodine 
contrast materials were used for each positioning session. 

RESULTS 

Phantom studies confirmed the accuracy of positioning 
and treatment with this unit. Five CT scan images follow- 



ing the attachment of the tiny metallic balls are presented 
in Fig. 3. The central plane is Fig. 3c, in which two tiny 
metallic balls are clearly seen (the same slice as Fig. 2). 
In the slices 1 mm cranial and caudal from the central 
slice (Fig. 3b and 3d), the balls are seen but smaller. In 
the slices 2 mm cranial and caudal (Fig. 3a and 3e), the 
balls are not seen. Thus, to see both of the two tiny 
metallic balls clearly on the CT image is a highly precise 
way to confirm not only the vertical and horizontal posi- 
tionings but also the craniocaudal one. After targeting 
(Fig. 2), the table was rotated, and then, portal films 
of three typical directions with collimated beam were 
examined (Fig. 4). In the portal films, errors with rotating 
the table between the CT and linac were within 0.5 mm 
and errors with the gantry rotation of the linac were also 
within 0.5 mm. Thus, overall possible treatment errors 
using this unit seem to be within 1 mm after careful 
positioning. 

Motion of patients was negligible using a conventional 
heat-flexible head mold and dental impression. In five of 
the eight patients who were set up with a mold and dental 
impression, repositioning by CT was not necessary on 
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Fig. 5. Targeting of brain metastasis of lung adenocarcinoma. Two tiny balls are clearly seen, suggesting good 
positioning. To the 80% isodose line, 27 Gy per 3 fractions over 5 days were given, with conventional whole 
brain irradiation of 30 Gy per 10 fractions over 2 weeks. 

days subsequent to the initial session. Three patients who 
were set up with a mold but without a dental impression 
required repositioning due to minor errors. Treatment 
time with this unit was short. On the initial treatment day, 




Fig. 6. The same patient as Fig. 5. Left: prior to SRT; the enhancing lesion is 2.5 cm in diameter. Right: following 
SRT; the lesion is not visible. 



the overall time for SRT for a single isocenter was less 
than 1 h including a making of a mold, CT positioning, 
and treatment of one or two arcs. On subsequent days, it 
took only 15 min or less' when repositioning was not 
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necessary, and it took about 20 min if the patient was 
repositioned. Treatments were outpatient-based and well 
tolerated with no acute toxicities or adverse effects. Satis- 
factory responses have been documented in several pa- 
tients (Fig. 6). 

DISCUSSION 

SRT or SRS are excellent treatments for well-circum- 
scribed small intracranial lesions (9, 11). Although SRS 
is more suitable for benign lesions, SRT, which applies 
multiple fractionated treatments, is preferable for malig- 
nant tumors (2, 8, 9). However, SRT with multiple frac- 
tionation is very uncomfortable for patients, because inva- 
sive cranially fixated frames are used (4). To perform 
SRT without cranially fixated frames, we developed a 
dual CT-linac unit. This unit permitted simple and precise 
SRT only with a heat-flexible head mold and dental im- 



pression. Phantom studies confirmed the accuracy of the 
positioning and treatment with this unit. The two tiny 
metallic balls were effective to verify and maintain the 
position not only in the vertical and horizontal directions 
but also the craniocaudal one. Treatment time including 
all setups was short enough to maintain patients' comfort, 
and improved the throughput similar to conventional radi- 
ation therapy. 

Recent advances in stereotactic or three dimensional 
radiation therapy are mainly due to improvements in com- 
puted diagnostic imagings. Several authors reported new 
treatment approaches with the marriage of radiation ther- 
apy and CT scanner (1, 3, 10, 12). They all tried to 
achieve a realtime positioning and immediate treatment 
system for optimal radiation therapy. Treatment with this 
dual CT-linac unit also approaches that goal, and is useful 
for multiple fractionated SRT for small well-circum- 
scribed intracranial lesions. 
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